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Removing size effects from 


measurements: Allometry (Scaling) 
log y = æ log x + log b 


e Allometry originally was the 
study of the effect of body mass 
on physiological variables, but it is 
now used more broadly to 
describe how any measure of size 
(scale), not just body mass, affects 


structure and function The equation for the linear relationship 
indicates that its slope (which is the 
allometric coefficient a) is 1.57. Thus the 
relationship between chela and body size is 
hyperallometric. The black line illustrates 
the allometric relationship if it were isometric 
(slope of 1) (Alexander W. Shingleton © 2010 Nature Education) 


log chela size (palm length) (mm) 


25 3 


log body size (carapace breadth) (mm) 


Scaling relationships: Ilsometry 


e There is a simple linear relationship between Y and X 
— a constant slope 
— Y=0 at X=0 (the intercept is zero) 


< 


— The slope is not necessarily equal to 1 
— Equation: Y = b*x (where b is the slope) 


Variable of interest 
{linear scale} 


— The ratio of Y/X is constant 
> y1/x1 = y2/x2 intercept |.” 
Measure of size 


In other words, if you double x, y also doubles (lingar scala) 
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Scaling relationships: Allometry (linear) 


Many biological data sets have a linear relationship but 
do not pass through the origin. 


For linear allometry, the relationship between X and Y is 
a linear equation: 


Y=at+b*x 


"a" is the Y intercept (the Y value when x = 0) 


"b" is the slope 


Variable of interest 
(linear scale} 


The ratio of Y/X changes at different X values 
> Vi/X1 £ Vo/Xp, 

In other words, if you double x, y does NOT double ns 
> these are allometric relationships (lingar scale} 


Scaling relationships: Allometry (curvilinear) 


Many biological relationships are not linear; rather, 
they are curves 


A curved allometric relationship is also 
characterised by a variable Y/X ratio 
(even if it does pass through the origin). 


Variable of interest 
(linear scale} 


- 


curvilinear | - 


cone 


This is common in physiology. 


Measure of size 
{linear scale) 
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Power curves 


e Curvilinear data can be fitted by any of a variety of curves (e.g. exponential, 
quadratic, polynomial, hyperbolic, reciprocal) 


e A power curve usually provides an excellent fit. 
— For a power curve, Y is proportional to X raised to a power i.e., 
Y =a X° (remember? Volume = a*Length??) 


= A power relationship has a proportionality coefficient "a" and a power exponent "b". 


Length vs surface area vs volume 


The surface area of an organism is another important physiological parameter (e.g. for 
diffusional exchange). 


The surface area of an organism (or a cube) changes systematically with body mass. 


e 


Cube 2 Cube 3 


=1 cm 2cm 4 cm 

= 6 cm? (6x11) 24 cm? (6x2x2) 96 cm? (6x44) 

= 10cm? (1x11) 8 cm? (2x22) 64 cm? (4x44) 
Surface area: volume = 6:1 24:8 96: 


Making a power curve linear 


Y =a X’? can easily be made linear, by a double-logarithmic transformation of both the X 
and Y variables; 
log Y = log a+b log X Olea = oda PO Apa 


Either log,, (base 10) or log, (natural log or In) can be used to transform X and Y 


— the log base affects the value of the proportionality coefficient (a > log a) but 
does not change the power exponent (b). 


— Biologists generally use log,, 


Why do we want a Straight Line? 


— statistical analysis is much easier for straight lines 
(e.g. Ordinary Least Squares regression) 
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Rules for dealing with logs: Willmer et al p39 


Scaling relationships 


Y = aX? (volume = 1*length?) log(Y) = log(a) + b*log(X) (log(volume) = log(1) + 3*log(length)) 
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Intercept: log(a) > indicator of shape 

Slope: b > indicator of how shape changes with size 
b==3: isometric scaling (shape doesn’t change) 
b < 3: the object is getting thinner as it grows 
b > 3: the object is getting fatter as it grows 


slope = 3.00 So, the slope (b) is 3; 
The offset log(a) is 0 
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Scaling relationships 


Y = aX? (volume = 1*length®) log(Y) = log(a) + b*log(X) (log(volume) = log(1) + 3*log(length)) 
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slope = 3.00 So, the slope (b) is 3; 
The offset log(a) is 0 
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So, the slope is 0.67 
(= 7/3). 


body surface [m 
body surface [mm?] 
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400 600 800 10? 10° 107 107 
body volume [Imm] body volume [mm] 
area = 6*volume23 log(area) = log(6) + 2/3*log(volume) 


Scaling relationships 


area = 6*volume23 
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So, the slope is -0.33 
(= 1/3). 


surface/volume [mm1] 
surface/volume [mm"1] 
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body volume Imm°] body volume [mm*] 


area/volume = 6*volume??/ volume log(area/volume) = log(6) + 2/3*log(volume) — 1*log(volume) 
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Isometry and various allometries 


Slope = 1.0 


= Cost of apples increases in proportion 
lsometry 2 | to amount bought; blood volume of mammal An isometric relationship 
increases in proportion to body size (b = 1,0) hasa slope of 1 


when log-log transformed 


Metabolic rate increases 


/’ Skeleton of mammal with body size, but less 
increases out of than proportional to 


proportion to body body size (b = 0.75) 
size (b = 1.08) Slope < 1.0 


An allometric relationship 


Allometries has slope >1 or <1 


1 / 
Slope<0 /7 Heart rate decreases with 


7 bala 
| Slope = 0 Fa Hematocrit in 7 increasing body size; 
| all mammals is / slope is negative 
independent of 7 (b = —0,25) 
| [ body size 7 & 


» (b =0) 


Separating size and function: Mammal humeri 


e The shape of the humerus 
changes with size — it gets 
relatively thicker as it gets 
; Regression 
longer, in larger mammals y = 0.7276x + 0.9705 


i.e. the scaling slope relating 
length to circumference is < 1 
— the slope is about 0.73 for 
log(length) vs 
log(circumference) 


log(length) 


log(circumference) 
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Residuals of log-log regressions 


The adaptive shape of bones is 

confounded with body SIZE 

e We separate SIZE and FUNCTION by 3 
examining residuals from the regression 
relationship. 


Species with residuals > 0 have a longer anes 
length than expected from 
circumference (are "skinny") e.g. fast 
runners 


Species with residuals < O have a shorter 
length than expected from 
circumference (are "fat") e.g. burrowers 


Physiological significance of shape 


e Shape has a physiological significance, but there are not many examples 


— Weasels are relatively long and skinny mammals - they have a high surface-to- 
volume ratio, and they have a high basal metabolic rate, although there is some 
debate about this! 


— Snakes - their evaporative water loss is largely determined by their cutaneous 
area, which is a function of their extent of elongation. Long skinny snakes have a 
high surface to volume ratio, hence should have a high evaporative water loss, 
compared to a shorter, fatter snake. 
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